Introduction {#S0001}
============

Administrative healthcare databases have been increasingly used for studies to investigate treatment patterns, patient demographics, healthcare resource use, and treatment cost, as well as to estimate the effectiveness and safety of medicinal products in the real world clinical setting.[@CIT0001]--[@CIT0006] In Japan, claims databases became available for commercial use in the early 2000s,[@CIT0007] and the government has constructed a database containing administrative claims from the entire Japanese population, and these data are currently provided to academia on request.[@CIT0004],[@CIT0005]

Hospitals are adopting the diagnostic procedure combination/per-diem payment system (DPC/PDPS) in Japan.[@CIT0008] Known as DPC hospitals, these facilities issue both DPC claims that include particular kinds of treatment conducted within hospitalization, and fee-for-service claims. DPC hospitals are obliged to make and submit the DPC data to MHLW. DPC data is generated by hospital clerks to the format designated by MHLW. The other hospitals are called as non-DPC hospitals. All the hospitals have to make claims data for re-imbursement. Hospital EMR system contains patient demographic data, medical history, progress notes in both in and outpatient setting, prescription, laboratory and imaging data, operative notes, various reports by specialists, physician diagnosis contained in the ordering system, and nursing records. Hospitals submit to HCEI (Health, Clinic, and Education Information Evaluation Institute) anonymized data on patient demographics, prescription, laboratory data, and physician diagnosis in the ordering system from their EMR system. Databases consisting of claims data from these DPC hospitals are commercially available, and have been used for various clinical studies.[@CIT0001]--[@CIT0003],[@CIT0006]

In the field of diabetes treatment, several real-world evidence studies have been published using these large claims databases, including Japanese data from DPC hospitals. These studies typically evaluate the effectiveness of diabetes drugs in reducing the occurrence of cardiovascular outcomes such as hospitalized heart failure, stroke, myocardial infarction and cardiovascular and all cause death.[@CIT0003],[@CIT0006],[@CIT0009]

The validity of these study outcomes defined using claims codes is crucial when assessing results from database analysis in order to reduce misclassification bias. Yamana et al conducted a validation study of 16 disease codes for the Charlson Co-morbidity Index in DPC data against electronic medical record (EMR) chart reviews as the gold standard.[@CIT0010] In another validation study, Ando et al evaluated the validity of claims code with International Classification of Diseases, 10th Revision (ICD-10) for acute MI in both DPC and non-DPC claims from a single hospital. This study selected a 200 patient random sample from the DPC claims and compared this with a cardiologist confirmed diagnosis of MI as the study gold standard.[@CIT0011] Since Yamana's study was conducted with data from only four hospitals and Ando's at a single center, the generalizability of the studies is considered to be limited. To the best of our knowledge, no validation study for outcome of renal diseases has been conducted yet in Japan.

The purpose of this study is to evaluate the PPV of cardiovascular outcomes (congestive heart failure \[CHF\], MI, and stroke-related diseases), renal outcomes (mild or moderate chronic kidney disease \[CKD\] and end stage renal disease \[ESRD\]), and death for patients with type 2 diabetes defined by administrative claims using a large nationwide database with physician order diagnosis in EMR as the gold standard.

Patients and Methods {#S0002}
====================

Study Design and Data Source {#S0002-S2001}
----------------------------

This is a validation study of outcomes defined by administrative claims data using EMR as the gold standard. EMR diagnosis as the gold standard was adopted for this study because EMR diagnosis in the physician ordering system reflects directly the judgment of the physician taking care of the patient except in the case of death diagnosis. We considered that the EMR diagnosis more accurately reflects the clinical reality of the patient in question.

We used a commercial database maintained by Health, Clinic, and Education Information Evaluation Institute (HCEI: Kyoto, Japan)---a not-for-profit research service foundation, with support from Real World Data Co, Ltd (Kyoto, Japan). The database consisted of records from over 12 million uniquely identifiable patients who were treated in approximately 200 hospitals which agreed to provide the data to RWD company. The hospitals include various types of hospitals, private and public, from large medical centers (bed number \>1,000) to clinics, from Hokkaido to Okinawa geographically. The database contained anonymized EMR data from January 1985 to December 2018 and included information on demographics, physician ordering diagnosis, prescriptions, and laboratory results from both outpatient and in-patient services. The patient-level EMR/claims data are linked with unique identifier and anonymized at each hospital in compliance with the Japanese Guideline on Anonymization Method based on the Japanese Private Information Protection Act. HCEI obtains the linked claims and EMR data after anonymization at the hospitals which agree to provide the data to HCEI. The EMR diagnosis data are from both in and out-patient setting, and even if physician diagnosis is entered as free text by physicians, RWD company converts free text information into the standard disease coding system. The administrative claims data can be categorized into three groups, namely those from non-DPC hospitals, from DPC hospitals, and if it involves hospitalization at DPC hospitals, additional Form 1 data with DPC admission diagnosis is included. In addition to the EMR data, the database contained DPC claims data between November 2006 and October 2018 and included procedure claims as well as discharge summary diagnoses for seven types of conditions: 1) greatest-resource consuming condition, 2) trigger-for-hospitalization condition, 3) main condition, 4) other condition, 5) second greatest-resource consuming condition, 6) comorbidities at the time of admission, and 7) conditions occurring during the hospitalization. The diagnosis in claims side is entered by the clerical staff at each hospital after reviewing the outpatient and in-hospital discharge summary prepared by physicians for the purpose of insurance reimbursement by the Japanese Ministry of Health. The study period, November 2006---October 2018, was set later than 2003 when DPC/PDPS was first adopted in Japan.

This study was approved by the ethics committee at the Research Institute of Healthcare Data Science (Tokyo, Japan) (RI2019003).

Study Population {#S0002-S2002}
----------------

A dataset used in this study included patients who had at least one claim with diagnosis of diabetes (coded as E10-E14 by ICD-10) in either EMR or administrative claims. We then extracted patients having at least one diagnosis of type 2 diabetes (coded as E11 or E14 by ICD-10) in EMR from the dataset. Among them, the patients having at least one of any administrative claim were identified as the study population.

Variables and Outcomes {#S0002-S2003}
----------------------

We evaluated the validity of outcomes that often develop in patients with type 2 diabetes. We then classified the outcomes which are usually associated with hospitalization to be primary outcomes: 1) CHF, 2) ischemic stroke, 3) hemorrhagic stroke, 4) any type of stroke, 5) ESRD, 6) MI, and 7) death. An outcome usually not associated with hospitalization was classified as a secondary outcome: mild or moderate CKD. For the primary outcomes, we used DPC claims as the administrative claims. DPC claims are the claims issued in DPC hospitals, and include discharge summary data and procedure data conducted within hospitalization. Diagnosis of the DPC claims is defined as that in any one of 1) greatest-resource consuming condition, 2) trigger-for-hospitalization condition, or 3) main condition. [Table 1](#T0001){ref-type="table"} shows a definition of each outcome for administrative claims and EMR.Table 1Definition of Primary and Secondary Outcomes for Administrative Claims and EMROutcome: Diagnosis NameDefinition of Outcome for Administrative Claims^a^Definition of Outcome for EMR (Gold Standard)Primary 1: Congestive heart failure 1I50I50Primary 2: Congestive heart failure 2I50, I11.0, I13.0, or I13.2I50, I11.0, I13.0, or I13.2Primary 3: Ischemic strokeI63I63Primary 4: Hemorrhagic strokeI60, I61, or I62I60, I61, or I62Primary 5: Any type of strokeI60, I61, I62, I63, or I64I60, I61, I62, I63, or 64Primary 6: End stage renal disease1) ^b^eGFR\<15 mL/min/m^2^, at least 2 measurements separated by ≥30 days (≤12 months)\
OR\
2) ≥2 of the following diagnosis or procedure codes (either in/out-patient), separated by ≥30 days; Diagnoses: N18.5, N18.6; Procedures: Hemodialysis J038, C102-2; Peritoneal dialysis J042, C102, C155, K635-3 OR\
3) Kidney transplant, defined as ≥1 of the following diagnosis or procedure codes (in/out-patient): Diagnoses: Z94.0, T86.1; Procedures: Transplant of kidney K780-2N17.0, N17.1, N17.2, N17.8, N17.9, N18.4, N18.5, N18.6, Z94.0, T86.1 or eGFR\<15 mL/min/m^2^, at least 2 measurements separated by ≥30 days (≤12 months)Primary 7: Myocardial infarctionI21, or I22I21, or I22Primary 8: DeathRecord of deathRecord of deathSecondary: Mild or moderate chronic kidney diseaseN18 and ^b^eGFR values 30--59 mL/min/m^2^ separated by \>30 daysN18[^1][^2]

In order to explore the reason for relatively low PPV of ESRD, we conducted a post hoc analysis to investigate the distribution of ICD-10 codes for patients with \<15 mL/min/m^2^ of estimated glomerular filtration rate (eGFR), which was considered as ESRD. Based on the result, we added N18.0 to the definition for both administrative claims and EMR.

Statistical Methods {#S0002-S2004}
-------------------

The PPV (%) was calculated for each outcome as below: For primary outcomes 1--5 and 7, we identified "potential outcomes" in DPC in the denominator to see how many of those qualify as an appropriate event in the EMR in the numerator, to calculate the PPVs for each outcome. Denominator: cumulative number of hospitalizations for the outcome in question defined by administrative claims. If a patient experiences more than one outcome, the total, or cumulative, number of outcomes is included in the denominator.Numerator: cumulative number of hospitalizations included in the denominator which was also captured in the EMR as an appropriate outcome during the same time period in each patient.For primary outcomes 6 and 8, and secondary outcome Denominator: number of patients for the outcome defined by administrative claims.Numerator: number of patients defined for the outcome by EMR among those counted as denominator.

Descriptive statistics on patients' demographics (average and standard deviation \[SD\] of female percentage and birth year or age) was conducted for patients in each step to identify study population and those identified for each outcome.

Prior to conducting our study, a feasibility assessment was conducted on the sample size and precision of PPV estimates. 900,451 patients were found to have demographic patient-level data as well as the disease data in both EMR and claims files. It was expected that PPV is calculated with data from more than 10,000 patients with outcome of interest based on the DPC hospitalization diagnosis code or non-DPC claims diagnosis code. With the assumption of sample size of 10, 000 and estimated PPV ranging from 60% to 90%, the precision of the estimates (width of 95% confidence interval) were 60% (1.9%), 70% (1.8%), 80% (1.6%), 90% (1.2%). Thus, sample size in this study was considered large enough.

SAS version 9.4 and Microsoft Excel 2010 were used for statistics.

Results {#S0003}
=======

Patients {#S0003-S2001}
--------

[Figure 1](#F0001){ref-type="fig"} shows the flow diagram to identify the study population, and the number of patients and their demographics in each step. The total number of patients included in the study population was 312,213. Their average birth year was 1947 (SD: 15.7), and percentage female was 45.3%. This was similar to the excluded patients.Figure 1Flow diagram (**A**) and demographics (**B**) for identification of study population.**Notes:** ^a^Administrative claim, any of administrative claim at least one. \*Indicates study population.**Abbreviations:** EMR, electronic medical record; SD, standard deviation; T2D, type 2 diabetes.

The number of patients identified for each outcome based on the administrative claims is shown in [Table 2](#T0002){ref-type="table"} with their demographics. Patients who had a record of death were the largest group at 10,815. MI was the smallest at 1,700. Patients diagnosed with ESRD were the youngest (69.6 years), and CHF (both definitions) the oldest (79.1 years).Table 2Number and Demographics of Patients for Each Outcome Based on the Definition for Administrative ClaimsOutcomeDiagnosis NameNumber of PatientsAverage (SD) of AgeFemale (%)Primary 1Congestive heart failure 15,40479.1 (11.4)42.6%Primary 2Congestive heart failure 25,50279.1 (11.4)42.8%Primary 3Ischemic stroke4,72375.9 (11.2)36.5%Primary 4Hemorrhagic stroke2,02773.3 (12.8)41.8%Primary 5Any type of stroke6,67875.1 (11.8)38.2%Primary 6End stage renal disease3,72269.6 (12.6)32.7%Primary 7Myocardial infarction1,70071.1 (12.2)26.1%Primary 8Death10,81577.8 (11.2)36.9%SecondaryMild or moderate chronic kidney disease8,93871.9 (12.4)32.8%[^3]

Positive Predictive Value for Each Outcome {#S0003-S2002}
------------------------------------------

[Table 3](#T0003){ref-type="table"} describes the PPV with 95% confidence interval (CI) for each outcome. CHF2 had the highest average PPV, 95.7%, followed by CHF1, 95.6%, mild or moderate CKD, 93.0%, hemorrhagic stroke, 89.9%, any type of stroke, 88.9%, ischemic stroke, 85.7%, death, 80.3%, MI, 78.7%, and ESRD, 67.4%.Table 3PPV for Definition of Each OutcomeOutcomeDiagnosis NameN^a^True Events^b^PPV95% CI of PPVUpperLowerPrimary 1Congestive heart failure 17,3927,06895.6%96.1%95.2%Primary 2Congestive heart failure 27,5227,19995.7%96.2%95.2%Primary 3Ischemic stroke5,0464,32285.7%86.6%84.7%Primary 4Hemorrhagic stroke2,1171,90489.9%91.2%88.7%Primary 5Any type of stroke7,1516,35988.9%89.7%88.2%Primary 6End stage renal disease3,7222,51067.4%68.9%65.9%Primary 7Myocardial infarction1,7381,36878.7%80.6%76.8%Primary 8Death10,8158,68380.3%81.0%79.5%SecondaryMild or moderate chronic kidney disease8,9388,30993.0%93.5%92.4%[^4][^5]

The post hoc analysis showed that a number of patients with \<15 mL/min/m^2^ of eGFR were given N18.0 with disease name of "end stage renal failure", "chronic kidney disease stage G5", or "chronic kidney disease stage G5D." PPV was calculated as 83.8% (95%CI: 82.7--85.0%) when N18.0 was included in the definition of ESRD.

Discussion {#S0004}
==========

Our findings show that most of the outcomes in this study had a high PPV including three outcomes with more than 90%. However, MI and ESRD had an average PPV that was less than 80%.

PPVs of two definitions of CHF were above 95%. Similarly, the three types of stroke-related outcomes (ischemic stroke, hemorrhagic stroke, and any type of stroke) scored higher than 85% PPV.

MI, on the other hand, showed a PPV less than 80%. This result contrasts with previously reported studies evaluating PPVs of MI. Yamana et al reported a much higher PPV of 92.3%[@CIT0010] and Ando et al reported 89.3%.[@CIT0011] The definition of claims based MI diagnosis was similar to the present study with Yamana et al using ICD-10 codes I21.x, I22.x, and I25.2[@CIT0010] and I21.x by Ando et al.[@CIT0011] It is likely due to the difference between the gold standard in our study datasets and the data used by Yamana et al and Ando et al, not due to the definition of MI. The gold standard in these previous studies was confirmed diagnosis after chart review by cardiologists as opposed to the physician ordering system without chart review or cardiologist confirmation in our study, which is a major limitation. Further additional criteria for procedures specific to MI such as catheterization may improve the PPV.

The PPV of death was around 80%. EMR record of death may have been less accurate since, in the present study, 20% of the patients recorded as "dead" in DPC was not captured in the EMR. This may have been because physicians do not have any incentive to order treatment or lab tests for expired patients. The ideal gold standard for death would have been data from death registry or insurance enrolment data; however, we had access to neither in the present study. Accuracy of the death records in the claims data was supported by Ooba et al's study that reported a PPV of 95.6% for death in the health insurance claims database including DPC claims when it was defined as "dead" on the claim and used death information from an enrolment file as the gold standard.[@CIT0012] In conclusion, DPC record of death was perhaps a more reliable outcome than the EMR death record.

While mild or moderate CKD had PPV higher than 90%, ESRD showed PPV lower than 70%. In order to explore the reason for the low PPV of ESRD, we conducted a post hoc analysis to evaluate the distribution of ICD-10 diagnosis codes attributed to patients who could be categorized as ESRD based on eGFR. Contrary to our expectation, we found that no cases were mapped to N18.5 which conventionally converts to ESRD in the standard disease mapping system in Japan.[@CIT0013] In the database of the current study, most of these severely reduced eGFR cases were mapped to N18.0, which was not included in our definition of ESRD with the ICD-10 code because the code was not available in the Japanese ICD-10 code. The PPV including N18.0 in the definition was higher than the original one at 83.8%. This mapping method for the ESRD patients is different from other large commercially available Japanese claims databases provided by Medical Data Vision Co, Ltd and JMDC Inc. This result suggests that the definition of outcome should be developed after confirming the mapping method used to convert disease names in claims to ICD-10 codes by each database company to more adequately identify the population under study, and to adjust the algorithm of the definition accordingly.

A comprehensive review previously reported that validation studies of claims were limited in the Asia-pacific region.[@CIT0014] The review indicated that the medical record was most often used as the gold standard in 18 of 43 studies. When we compared our results to similar outcomes found in the review, the accuracy of ischemic stroke diagnosis in the National Health Insurance Research Database in Taiwan, sensitivity: 97.3%, PPV: 88.4%[@CIT0015] was reported to be high. A Korean study indicated PPV for intracranial haemorrhage, ischemic stroke, and subarachnoid haemorrhage ranged 82--95%, 78--92%, and 78--91%, respectively, depending on the algorithm for the diagnosis and data set, and was considered to have roughly consistent findings with the present study.[@CIT0016] PPV for coronary heart disease (ICD-10-AM I20-I25) was high, 96.0% as index admission, and decreased with an increase in the lookback period, contrary to an increase in sensitivity and negative predictive value.[@CIT0017] PPVs for many outcomes in our study are in a similar range as the previous studies.

Strengths and Limitations {#S0004-S2001}
-------------------------

The major strength of this study comes from the feature of the large database, including both EMR and administrative claims data. It allowed us to conduct this large-scaled validation study including patients from more than 200 hospitals. Since linkage of multiple databases is not allowed in Japan, the database including EMR and administrative claims data is useful for such large-scaled validation studies.

Several limitations should be noted in this study. First, we only assessed DPC hospitalized claims diagnosis for primary outcomes, and did not evaluate any of the outpatient diagnosis or those associated with fee for service in the database. Although we considered the outcomes to be associated with hospitalization, the frequency of outcomes can be underestimated in studies using the definition of outcome if it is often associated with outpatient alone. Second, since we did not evaluate the data from hospitals and clinics aside from DPC hospitals, the generalizability of our findings to databases including data from other types of settings will be limited. However, our findings can be applicable to other databases which collect data from DPC hospitals. Third, we only calculated the PPV for the diabetic patients, who should have higher prevalence of cardiovascular and renal comorbidities. Therefore, the PPV may be different from the PPV for the overall population in the database. Fourth, we did not calculate the sensitivity, specificity or negative predictive value since we could not find an appropriate population within the database who seem to always have a claim diagnosis for a corresponding EMR diagnosis, as approximately half of the patients were missing claims diagnosis. When a hospitalized patient is missing a claims diagnosis, we could not tell if the claims code is missing due to data coming from non-DPC hospital or the hospital did not provide the data to RWD company, and we did not feel these cases should be categorized as a "false negative" case. Finally, EMR disease data based on the physician ordering database was used as the gold standard diagnosis in this study, which may not always reflect the confirmed final physician diagnosis, and may lead to potential misclassification bias and imprecise estimates. In particular, the death registry data are preferable as the gold standard of death; however, we had no access to them. Despite these limitations, findings from this study may provide some insights into future outcome studies using the claims defined outcomes definition in Japan.

Conclusions {#S0005}
===========

We performed a validation study for administrative claims data using the EMR as the gold standard in patients with type 2 diabetes. We assessed definitions of several cardiovascular and renal outcomes frequently diagnosed for the patients with type 2 diabetes and death based on PPV. Most of the outcomes including several cardiovascular diseases and mild and moderate CKD showed high PPV, more than 80%, while the PPVs of MI and ESRD were lower than 80%. Post-hoc analysis suggesting methods to correctly identify the population using lab values in the database increased the PPV of ESRD to above 80%. Future studies using a large claims database with specialist confirmed chart review diagnosis as the gold standard are awaited in Japan. Even so, our study demonstrates high PPVs for our definition of cardiovascular and renal outcomes in patients with type 2 diabetes. The definitions proposed in this study should be useful for future studies using the DPC database.

We thank Health, Clinic, and Education Information Evaluation Institute (HCEI: Kyoto, Japan) and Real World Data Co, Ltd (Kyoto, Japan) for providing the dataset and critical scientific review comments on the manuscript. We also thank Kimiko Mitani for providing support on publication management.

Abbreviations {#S0006}
=============
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[^1]: **Notes:** ^a^Administrative claims: DPC claims for primary outcomes and any administrative claim for secondary outcome. ^b^eGFR values recorded in EMR were used. Codes for diagnoses are based on ICD-10.

[^2]: **Abbreviations:** DPC, diagnostic procedure combination; eGFR, estimated glomerular filtration rate; EMR, electronic medical record; ICD-10, International Classification of Diseases, 10th Revision.

[^3]: **Abbreviation:** SD, standard deviation.

[^4]: **Notes:** ^a^N, number of events (number or hospitalizations or patients) defined by administrative claims (denominator), ^b^True events, number of events defined by EMR (numerator).

[^5]: **Abbreviations:** CI, confidence interval; PPV, positive predictive value.
